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ABSTRACT

A receiving water study was conducted in the Colville River to evaluate the influence of the
Colville Wastewater Treatment Plant (WTP) on water quality. The zone of effluent dilution
was observed to occur over a relatively long distance (>300 feet) relative to Ecology
guidelines. Potential dilution of the permitted discharge at 7-day, 10-year (7010) low river
flow is less than Ecology guidelines (9:1 versus 100:1 guideline). Although the plant is
presently not discharging at permit capacity, the existing permit loadings are expected to result
in dissolved oxygen sags below the Class A standard and residual chlorine elevations above
the chronic and acute aquatic life criteria at 7010 low river flow. Reduction in permitted
loadings of BOD and residual chlorine are recommended at river flows less than 79 ¢fs, the
120-day, 2-year (12002) low flow, which generally occurs between July and November.

INTRODUCTION

Colville (population approximately 4,500) is served by a wastewater treatment plant (WTP)
which discharges effluent to the Colville River at river mile 14.7 (Figure 1). The Colville WTP
consists of a three-cell lagoon system. The first two cells are unaerated and the third has a
5-hp propeller aerator. Effluentis chlorinated, then held in a contact pond prior to discharge.
Chlorinated effluent is then discharged to the Colville River through a surface ditch.
Discharge to the Colville River is limited by Docket No. DE-77-28 1 modifying NPDES permit

No. WA-002261-6.

The Colville River has been categorized as a water quality limited segment, according to
Ecology’s water quality index analysis for surface waters throughout the state (Hallock, 1988).
The water quality index, which is a unitless number derived from ambient monitoring data, is
intended to screen large numbers of stations for general water quality based on temperature,
oxygen, bacteria, pH, turbidity, nutrients, suspended sediment, and ammonia toxicity. The
Colville River station, which is located approximately 10 miles downstream from the Colville
WTP, was considered to be water quality limited on the basis of unusually high temperature,
bacteria, and turbidity.

The receiving water survey of the Colville River and a simultaneous Class Il inspection of the
WTP occurred during seasonal low flow (September 22-24, 1987). This report documents the
receiving water survey. A separate report documents the WTP Class 11 inspection (Heffner,
1988). The major objectives of the receiving water survey were to determine the effect of the
present discharge on water quality in the Colville River at low flow, and evaluate the WTP as
a source of metals contamination in river sediments.

METHODS

The Colville WTP effluent enters the Colville River as a surface ditch on the right bank (facing
downstream, north side of channel). Seven surface water sampling stations were selected
(Figure 1) and sampled for a variety of chemical and physical parameters including
temperature, pH, dissolved oxygen, specific conductance, chloride, total suspended solids,
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Figure 1. Surface water sampling stations for Colville
WIP receiving water survey.
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fecal coliforms, enterococci, nitrate + nitrite, ammonia, total phosphorus, turbidity, hardness,
and metals. Chemical analyses were preformed by Ecology’s Manchester Laboratory as per
EPA (1983) and APHA et al. (1985) standard methods.

Water quality stations included one upstream station (station 1) and six downstream stations.
Station 7 is Ecology’s ambient monitoring station S9AQ70 located at r.m. 5.0, which is not
shown on Figure 1. The water quality parameters listed above were sampled on two
consecutive days of similar river flow for all parameters except metals, which were sampled
on only one day. Stations 1, 2, and 3 each consisted of two sampling sites across the channel;
one each near the right and left bank (designated as north and south, respectively). Each was
located approximately five feet from the respective river banks (total river width approximately
50 feet). Supplemental measurements of conductivity were made at two additional
cross-channel locations, each at stations 2 and 3, in order to identify the extent of the effluent
plume. The other water quality stations (stations 4-7) were sampled at single mid-channel
locations. In addition to water quality parameters listed above, sediment samples were
collected from stations 1, 2, and 3 (north side only) and station 6 (mid-channel) for metals
analysis.

Benthic macroinvertebrates were also sampled at stations 1, 3, and 6. Benthic samples were
collected using a hand net. Five spots were sampled, spaced equally across the channel at each
station. Sediment was disturbed within a marked area upstream from the net so that material
would drift into the net. Material which was netted from each of the five cross-channel spots
was pooled and picked for 10 minutes to obtain a composite sample from each station.

Two surveys of dissolved oxygen profiles between stations 1 and 6 were also conducted
separately from other water quality sampling. The two dissolved oxygen surveys consisted of
one early morning (5:30 to 6:30 a.m.; September 23, 1987) and one afternoon survey (3:40 to
4:40 p.m.; September 22, 1987), which were timed in order to characterize expected daily
minimum and maximum dissolved oxygen levels in the river.

RESULTS AND DISCUSSION

Effluent Dilution. The effect of WTP loading on water quality is generally most critical during
low flow when effluent dilution is lowest. Discharge in the Colville River varies widely by
season (Figure 2). The period of lowest flow typically occurs during August and September.
The distribution of effluent within the river was estimated based on observed elevations of
chloride and specific conductance, both of which were considered to be conservative. The
concentrations were much higher in effluent than in background river water.

Nearly complete mix of effluent was achieved approximately 1,000 feet downstream from the
WTP input (Figure 3). A fairly high effluent percentage (greater than 35 percent) was
observed near the north bank as far as 300 feet downstream (station 3-N, Figure 3). Dilution
after complete mix was approximately 40:1 (approximately 2 percent effluent) based on
comparison of total river flow with effluent discharge during the survey. Conditions during
the survey were similar to 7-day low flow with a recurrence interval of once every two years
(Table 1).
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General guidelines for effluent dilution (Ecology, 1985) recommend achievement of 100:1
dilution at low river flow conditions (7-day 10-year or 7Q10). Furthermore, the dilution zone
should not extend farther than 300 feet downstream from the input or greater than 15 percent
of the distance across the channel. For the permitted discharge of 1.2 MGD, the dilution would
be only 9:1 after complete mix based on 7Q10 (Table 1). The dilution of effluent from the
Colville WTP clearly does not meet the general guidelines for dilution zone boundaries or
total dilution. Average monthly discharge for the months of July through November is
insufficient to provide 100:1 dilution of effluent at permitted plant discharge of 1.2 MGD.

Receiving Water Quality. The results of general water quality analyses are presented in Tables
2 and 3. Of the parameters analyzed, only four were significantly elevated downstream from
the effluent discharge after complete mix with river water. Both of the conservative tracers,
chloride and specific conductance, were significantly elevated, as discussed above. Nitrate +
nitrite and total P were also significantly elevated to levels which would be expected based on
dilution of higher concentration effluent (Table 3). None of the conventional or
bacteriological parameters measured were found in excess of criteria for aquatic life or
drinking water maximum contaminant levels (MCL’s). Unionized ammonia levels upstream
from the WTP were estimated to be higher than downstream levels due to higher total
ammonia, although the difference was not significant. None of the parameters observed
downstream after complete mix deviated significantly from theoretical concentrations based
on mass balance of upstream water with effluent discharge, which suggests that sampling
adequately represented effluent impacts. However, conductivity and chloride data showed an
increasing trend between Stations 4 and 7, which suggests that effluent mixing may not have
been complete as far as 4,000 feet downstream from the input.

Ambient monitoring data have been collected at Ecology’s station 59A070 since 1972.
Observations during low flow months of August and September were compared with the
downstream data from the current study. Significant differences were found between survey
conditions and typical conditions for several parameters. Temperature, nitrate + nitrite,
ammonia, un-ionized ammonia, and turbidity were all significantly lower during the current
study than typical conditions during August and September (Table 3).

The depletion of dissolved oxygen (D.O.) downstream from WTP inputs is a common water
quality concern. The two dissolved oxygen surveys revealed a depression of D.O. immediately
downstream from the discharge (Figure 4). The observed decrease in D.O. can be explained
by dilution of low D.O. effluent with higher D.O. river water. Significantly lower D.O.
concentrations were observed only in northern stations (2-N and 3-N), which contained greater
than 35 percent effluent. No discernible sag in D.O. was evident due to decay of BOD inputs
from the WTP.

A model of BOD decay and dissolved oxygen sag was run based on the Streeter Phelps
approach (Mills et al., 1985), which indicated that maximum oxygen deficit is expected
immediately after complete mix of effluent with river water under the conditions of the
Ecology Survey. Natural processes in the stream, including reaeration, photosynthesis, and
respiration, appeared to exert a greater influence on D.O. concentration than BOD decay of
WTP inputs. In general, the depletion from BOD load is much less than the reaeration rate
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Figure 4. Profiles of Dissolved Oxygen During Morning (AM)

and Afternoon (PM) Surveys in the Colville River, September 22-23,
1987. The right bank only was sampled at stations 2 and 3, as
indicated by (*). Other stations were sampled at mid-channel.
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based on typical rate constants. The comparison of morning and afternoon D.O. levels
indicates a diurnal pattern of low morning D.O. due to overnight respiration, followed by
afternoon elevations in excess of saturation probably caused by photosynthesis. Further
examination of predicted worst-case D.O. conditions is presented below for permitted BOD
loadings and various river discharges.

Of the metals analyzed, only hexavalent chromium, copper, nickel, and zinc were detected in
the WTP effluent (Table 4). For the metals detected, the levels in effluent were higher than
upstream background conditions. The elevations observed downstream from the effluent
discharge were similar to the expected values based on effluent dilution, which suggests that
observed elevations were caused by the effluent input (Table 4). The concentrations observed
in the river downstream from effluent discharge, and even in the full-strength effluent, were
below water quality criteria for aquatic life and drinking water MCL’s, as well as human health
criteria.

The metals concentrations observed in the Colville WTP effluent were generally lower than
expected values from domestic wastewater in Washington, assuming typical removal
efficiencies in the lagoon system (Hallinan, 1988; Mills et al., 1985). However, since the
variability of typical values is high and only one sample was collected from the Colville WTP,
itis not possible to determine whether Colville effluent is significantly different from typical
effluent. Nevertheless, Colville WTP effluent does not appear to be unusually high in metals
concentrations, although more samples would be required to confidently characterize metals
loads to the Colville River.

Total Maximum Daily Load Analysis. The current NPDES permit limitations for effluent
discharge are presented in Table 5. The treatment plant was in compliance with the permit
limitations during the Ecology Class Il inspection, with the exception of low residual chlorine.
Also, one out of two pH measurements exceeded the permit range. The permit limitations
for 5-day biochemical oxygen demand (BODs) and total suspended solids (TSS) are less
stringent than typical effluent limits for domestic wastewater facilities which discharge to
surface waters (Table 5). The Colville WTP discharge is limited by Docket No. DE-77-281
which relaxes NPDES Permit No. WA-002261-6. A moderate worst-case evaluation of water
quality impacts on the Colville River was performed, based on permitted weekly average
effluent characteristics and various low river discharges. Absolute worst-case conditions of a
possible plant upset during low river flow were not evaluated but are possible concerns when
low dilution ratios are present.

Dissolved oxygen depletion downstream from the WTP input was predicted for a range of
conditions based on the Streeter-Phelps model (Mills, ef al., 1985). The model input
assumptions are presented in Appendix A. D.O. depletion downstream from the WTP input
was predicted for a range of river discharges at permitted weekly BOD loading of 1000 Ibs./day
(Table 6). The range of river flows evaluated was chosen to represent a range of low flow
durations that occur once every two years, based on log-Pearson Type 11 analysis (Williams
and Pearson, 1985).
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The D.O. sag model was used to predict a permissible effluent BOD concentration that would
maintain D.O. concentrations at or above the Class A standard for the permitted effluent
discharge rate (Figure 5; Driscoll ez al., 1983). The 7Q10 river discharge is predicted to result
in D.O. deficit of approximately 2.9 mg/L due to the presently permitted BOD loading of 1000
Ibs./day. Therefore, downstream D.O. concentrations are predicted to drop below the Class
A standard of 8 mg/L to approximately 5.6 mg/L at the 7Q10 low flow condition under the
existing permit. The BOD concentration in the effluent would need to be reduced to 6 mg/L
at the permitted discharge rate in order to maintain the Class A standard at 7Q10 low flow.
The D.O. analysis indicates that the existing permit would result in D.O. depletion below the
Class A standard during seasonal low river flow, even at river flows as high as 97 cfs (183Q2)
(Table 6). The monthly average permit limits of effluent BOD35 (60 mg/L; 600 Ibs./day) are
predicted to result in violation of Class A standards at river flows less than 79 ¢fs (120Q2).
Therefore, maintenance of the Class A standard would require a reduction of permitted BOD
loading at river flows less than 79 cfs (120Q2).

Assuming that effluent BOD concentrations were reduced to 30 mg/L, which is the typical
concentration for secondary treatment, effluent BOD loading would be 300 1bs./day at the
permitted discharge rate of 1.2 MGD. The Class A D.O. standard would be maintained at
river flows above 56 cfs (30Q2) at this assumed loading. Therefore, diversion of effluent would
be required even with effluent BOD concentrations reduced to typical secondary treatment
levels at river flows less than 56 cfs (30Q2). The acceptable effluent BOD load, which would
maintain the Class A D.O. standard at the 7Q10 low river flow, is 57 lbs./day (Table 6).
Therefore, a diversion of approximately 90 percent of the currently permitted load or 80
percent of the load from the currently permitted discharge at an assumed 30 mg/L BOD
concentration, would be required.

The concentrations of fecal coliform bacteria, residual chlorine, un-ionized ammonia, copper,
nickel, and zinc were also estimated for 7Q10 river discharge and permitted effluent loadings
(Table 7). Fecal coliform bacteria levels are predicted to meet the Class A water quality
standard at 7Q10 river flow and permitted effluent loading.

Residual chlorine is predicted to exceed the aquatic life criteria at permitted effluent
concentrations of 0.1 to 0.5 mg/L at permitted effluent discharge of 1.2 MGD and 7Q10 low
river discharge. River flows below 79 cfs (120Q2) would result in downstream residual
chlorine in excess of the chronic aquatic life criteria for the permitted effluent concentration
of 0.5 mg/L.

Un-ionized ammonia concentrations are predicted to meet acute and chronic aquatic life
criteria at 7Q10 low river flow at the permitted effluent discharge rate, assuming existing
effluent ammonia concentrations and ambient river conditions of temperature and pH remain
constant.

Selected priority pollutant metals (copper, nickel, and zinc) are predicted to remain below
acute and chronic aquatic life criteria at 7Q10 low river flow, at permitted effluent discharge
rates, assuming that existing effluent metals concentrations during the Ecology survey
represent future concentrations at the permitted discharge rate.
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Table 7.

Calculated concentrations of selected parameters in the Colville River resulting
from permitted effluent discharge and 7Q10 low river flow.

Water Quality Criteria/Standards

Upstream Effluent Downstream Acute Chronic
Concentration Concentration Concentration Aquatic Aquatic
Parameter (1) (2) (3) Life Life Class A
Fecal coliform 50 400 86 -- -- 100/200
(#/100 mL)
Residual chlorine <0.100 0.500 0.052 0.019 0.011 --
(mg/L)
Un-ionized ammonia 1.2 42 3.2 210 41 --
(ug N/L)
Copper (ug/L) 3 6 3.3 31 20 --
Nickel (ug/L) <5 26 <5 2,400 260 --
Zinc (ug/L) 1 4 1.3 200 180 -=

1) Based on Ecology survey station 1

2) Based on weekly average permit for fecal coliform
Un-ionized ammonia,

3) Calculated assuming complete mix of effluent with

copper,

permitted effluent discharge of 1.2 ZOU

(Ecology, unpubl. data).

and residual chlorine.
and zinc were based on Ecology survey results.
river based on 7Q10 discharge rate of 16 cfs and

Un-ionized ammonia estimated based on mass balance of total
ammonia and in-river temperature of 21°C and pH of 8.0 based on ambient monitoring data
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The preceding evaluation indicates that some currently permitted effluent characteristics will
probably cause undesirable degradation of the Colville River at critical low flow conditions.
In particular, permitted BOD loading will probably result in D.O. sag below the Class A
standard. Also, permitted residual chlorine concentrations will probably cause exceedence of
chronic and acute aquatic life criteria. The D.O. standard and residual chlorine criteria
violations are both predicted to occur at river flows less than 79 cfs (120Q2). Therefore,
maintenance at the Class A standard and aquatic life criteria would require permit reduction
in both BOD and residual chlorine loads to the river at flows less than 79 cfs (120Q2), which
generally occurs between July and November.

Sediment Metals. Table 8 presents the results of metals analyses. The stream sediment at all
four sites were of similar texture: primarily sandy gravel with some silt and clay. Metals
concentrations were found to be correlated with the fine silt and clay fraction (Table 9).
Comparisons of upstream with downstream concentrations of sediment metals did not reveal
enrichment below the WTP discharge, even when corrected for fines content (Table 8). This
finding is consistent with the relatively low levels of metals found in the effluent and river
water, as discussed above.

Benthic Macroinvertebrates. The relative abundance and species diversity of benthic
macrofauna are often used as a direct indicator of water quality status. Inputs of organic wastes
typically reduce the diversity and increase the biomass of the most tolerant species (Welch,
1980). The observed diversity upstream and downstream from the WTP discharge did not
reveal any obvious reduction from the waste input (Table 10). In general, the
macroinvertebrate diversity suggests a moderately polluted condition for all stations including
upstream of the WTP input. Sediment texture at all sites was very similar and can be described
as sandy gravel, ranging from 97 to 99 percent sand and gravel (Table 8). Therefore,
comparisons of benthic macroinvertebrate populations between samples is not expected to
be influenced by variation in sediment texture.

CONCLUSIONS AND RECOMMENDATIONS

e WTP effluent dilution occurs over a relatively long dilution zone (>300 feet) relative to
Ecology guidelines.

e Potential effluent dilution at lowriver flow (7Q10 low flow) is relatively low (approximately
9:1) compared with Ecology guidelines (100:1).

e Water quality data did not indicate substantial degradation downstream from the initial
effluent dilution zone during the Ecology survey. Depletion of dissolved oxygen was
observed primarily within the dilution zone, probably due to low dissolved oxygen
concentrations in the effluent.

e Dissolved oxygen depletion below the Class A standard is predicted under permitted
monthly BOD loading (600 lbs./day) at river flows less than 79 cfs (120Q2). Therefore,
reductions in the permitted BOD loading at river flows less than 79 cfs (120Q2) are
recommended. Diversion of up to 90 percent of the effluent may be necessary at river flow

18
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Table 10. Relative abundance (1) of various invertebrate taxononomic
groups in the Colville River.

Taxonomic Group

Station One Station Three Station Six

Cladocera (Water Fleas)

Diptera (Flies)

Chlronomidae
Empididae

Ephemeroptera (May Fly)

Hemiptera (True Bugs)

Hydracarina (Water Mites)

Oligachaeta (Worms)

Pelecypoda (Bivalves)

DIVERSITY INDEX D(2)

-- A P
A A
-- -- P
P P c
- P -
- -- P
- c -
p - -
1.1 1.9 1.3

FOOTNORES:

1)

2)

Composite sample of five sites across the stream, using hand net
with pooled material picked for 10 minutes.

Abundance Categories: A

@]

1]

P

]

Abundant (>15 organisms)
Common (5-15 organisms)
Present (1-5 organisms)

Based on Shannon and Weaver, 1963. Wilhm and Dorris (1968) suggest
the folowing guideline for water quality status:

Heavy Pollution: D
Moderate Pollution D
Clean Water D
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less than 56 cfs (30Q2) to maintain the Class A standard if effluent BOD concentrations
exceed 30 mg/L at the permitted discharge rate. A maximum effluent discharge of 1.2
MGD (1.9 cfs) is acceptable under the existing permit when the upstream river discharge
exceeds 79 cfs (120Q2), which generally occurs from December through June.

Residual chlorine concentrations are expected to be elevated above the chronic and acute
aquatic life criteria at currently permitted effluent concentrations and permitted effluent
discharge rates at the 7Q10 low river flow. River flows less than 79 cfs (120Q2) are
predicted to result in chronic aquatic life criteria exceedence under the existing permit.
Dechlorination of effluent during conditions of low river flow (<79 cfs) is recommended
in order to avoid exceedence of aquatic life criteria.

Metals loadings from the WTP were found to increase water column concentrations, but
no increases in sediment concentrations were observed over upstream conditions. Water
column and effluent concentrations were within water quality criteria for aquatic life and
human health. However, sampling to date has been limited and additional studies would
be required to confidently characterize effluent metals loadings.

Diversity of benthic macroinvertebrates suggests a moderately polluted condition

upstream and downstream from the discharge. Effluent discharge was not found to
degrade the water quality status based on macrofauna diversity.

22



REFERENCES

APHA, AWWA, WPCF, 1985. Standard methods for the examination of water and
wastewater. Washington, D.C. 1268 pp.

Driscoll, E.D., J.L. Mancini, and P.A. Mangarella, 1983. Technical guidance manual for
performing wasteload allocations. Book II Streams and Rivers. Chapter I Biochemical
Oxygen Demand/Dissolved Oxygen. Final Report for Office of Water Regulation and
Standards, Monitoring and Data Support Division, Monitoring Branch, U. S.
Environmental Protection Agency, September, 1983.

Ecology, 1985. Criteria for Sewage Works Design, Washington Department of Ecology,
DOE-78-5.

Hallinan, P., 1988. Metals concentrations found during Ecology inspections of municipal
WTPs. Memo to J. Bernhardt, April 11, 1988. Department of Ecology EILS.

Hallock, D., 1988. 1988 Water Quality Index. Memo to J. Bernhardt, June 10, 1988. Depart-
ment of Ecology, EILS.

Heffner, M., 1988. Colville Wastewater Treatment Plant Class I Inspection, September 22-23,
1987. Department of Ecology, EILS, August, [988.

Mills, W.B., D.B. Porcella, M.J. Ungs, S.A. Gherini, K.V. Summers, L.. Mok, G.L. Rupp, and
G.L. Bowie, et al., 1985. A Screening Procedure for Toxic and Conventional Pollutants in
Surface and Ground Water. EPA 600/6-85-002a.

Shannon, C.E., and W. Weaver, 1963. The Mathematical Theory of Communication.
University of lllinois Press, Urbana.

U. S. Environmental Protection Agency, 1983. Methods for chemical analysis of water and
gency y

wastes. Environmental Monitoring Supply Laboratory, Cincinnati, OH.,
EPA-600/4-79-020.

Welch, E.B., 1980. Ecological Effects of Wastewater. Cambridge University Press.

Wilhm, J., and T. Dorris, 1968. Biological Parameters for Water Quality Criteria. Bio. Sci.
18:477-81.

Williams, J.R. and H.E. Pearson, 1985. Streamflow statistics and drainage basin characteristics
for the Southwestern and Eastern regions, Washington. U.S. Geological Survey Open File
Report 84-145-B.



24



APPENDIX A
DISSOLVED OXYGEN SAG PREDICTIONS

BASED ON STREETER-PHELPS ANALYSIS
(Mills, et al., 1985)
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COLVILLE RIVER DISSOLVED OXYGEN PREDICTIONS; 7Q10 LOW FLOW
STREETER-PHELPS ANALYSIS OF CRITICAL DISSOLVED OXYGEN SAG

W ats aBe wto oo oty wt als als afs alo aTs afo s s alo oo ata ale ¥s afs als who ala abe als whe als als als sl whs Wl als ale s alo afe ala als wls wlo ale alo Al aho als wte ofs alo als to als wlo alo Wl wla als vlo als ale afe who aba wds ads
INPUT oottt ionioiniokinnnntiniilsonionniil koo itk

1. UPSTREAM DISCHARGE (CES)uuiuniiniuneneeneeenrenennennennnaat 16
2. EFFLUENT DISCHARGE (CfS).uueunriunernnnrennnroneennennneann : 1.86
3. UPSTREAM DO CONCENTRATION (mg/L)...cuiiniiiriininnnennnneneast 8.32
4. EFFLUENT DO CONCENTRATION. .t uuetuneeneernnanenneenaennneanst 2.00%
5. UPSTREAM CBOD (Ultimate) CONCENTRATION (mg/L)..............: 1.5
6. EFFLUENT CBOD (Ultimate) CONCENTRATION (mg/L)..............: 147
7. UPSTREAM NBOD CONCENTRATION (mg/L).eueunenvnrnnennennnnnannt 0.2
8. EFFLUENT NBOD CONCENTRATION (Mg/L).ceeutenenrenneennrnnnnnst 2.6
9. STREAM VELOCITY (£PS) e ttnrerunreneenneeenenronnnenanaennast 0.98
10, STREAM DEPTH () e uuuuetiiieennnenonennneeeaneenanenneennnst 0.46
11. STREAM SLOPE (ft/ft)..eniuieeneeneeneneeneaaneenaenannaaas.t 0.00088
12. AVERAGE ELEVATION OF RIVER REACH (FT MSL)......ovvuniennnnnt 1540
13. STREAM TEMPERATURE (€8 C)uvrnrinrenrnnennerneennenannannast 20.7
14. REAERATION RATE (Base e) AT 20 deg C (day -1)...ecneinnnnn. : 4
Reference Applic. Applic. Suggested
Vel (fps) Dep (ft) Value
Churchill 1.5 - 6 2 - 50 41.70
0'Connor and Dobbins 0.1 - 1.5 2 - 50 41.12
Owens 0.1 -6 1 -2 89.63
Tsiviglou-Wallace 0.1 - 6 0.1 -2 4.02
15. BOD DECAY RATE (Base e) AT 20 deg C (day -1)..vveniuninniinnns 1

W ate u%e ala s 8o wha afs o ato als ats ale aho tlo alo ats afe ate wha alo ats als ta wls afe whs ala ulo als wlo wlo afe sla ale st ale alo afs als oo ale oo ale ol sfe wto ale ufa ofo oto ala oo ofe
CALCULATED VALUES frtsededesiedodedesdedodoiotdoloiolsdi i ddnioinntioniininniiniool o kil

1. DO SATURATION CONCENTRATION (MmE/L):uvvveneraneernnneennnent 8.41
2. INITIAL DO CONCENTRATION (ME/L) .. cvveuneeneeennneerunennnnt 7.67
3. INITIAL DO DEFTICIT (ME/L):uestnteeanreeneeeaneeannneennat 0.74
4. INITIAL DOWNSTREAM BOD CONCENTRATION (mg/L).e.evveevevve...:  17.08
5. REARATION RATE AT STREAM TEMPERATURE (day -1)...eveeenvv...: 4.07
6. BOD DECAY RATE AT STREAM TEMPERATURE (day =1)...eeveuvve... : 1.03
7. TRAVEL TIME TO CRITICAL DO CONCENTRATION (days)............ : 0.41
8. DISTANCE TO CRITICAL DO CONCENTRATION (mileS)...eeveee.onnn: 6.52
9. CRITICAL DO DEFICIT (ME/L)+ttuuununennneeeeeenenaneeeennns : 2.85
10. CRITICAL DO CONCENTRATION (ME/L) .. vuurvennvnnneennneeennens : 5.56

*Assumed effluent D.O. concentration to reflect diurnal minimum due to
night-time respiration in lagoons.

26



COLVILLE RIVER DISSOLVED OXYGEN PREDICTIONS; 7Q5 LOW FLOW
STREETER-PHELPS ANALYSIS OF CRITICAL DISSOLVED OXYGEN SAG

A ade T 8o ale Ao ale ale als alo nla ata ale e aTo ata als als afe ats ol abe als abo ala ahe ate als oo whe ala de als ols nbe oo ada atu o ahs nls ols e ale ate ale aln ale ate alo alo afe ato nlo afe ole afe als afs ate sl afe ala ate ofa nte
TN PUT s e e i e s S S R S S R R S S S S R R S R A R O A T R R R s mn = HWHRRAK

1. UPSTREAM DISCHARGE (CfS)euneiniriinerinnioannnnsenennanasst 26
2. EFFLUENT DISCHARGE (CfS)iuirniiiiiiiniiennnnaennansasnnnont 1.86
3. UPSTREAM DO CONCENTRATION (mME/L)uuvvvernnveceeennnnneenennst 8.37
4, EFFLUENT DO CONCENTRATION. ..ot inn e vmteonssensannnnss : 2.00
5. UPSTREAM CBOD (Ultimate) CONCENTRATION (mg/L)......evvv.on... : 1.5
6. EFFLUENT CBOD (Ultimate) CONCENTRATION (mg/L)..............: 147
7. UPSTREAM NBOD CONCENTRATION (mg/L)..vevreinrnnernnnnennnnns : 0.2
8. EFFLUENT NBOD CONCENTRATION (mg/L)..civeeitinnnrnnnennnnnn : 2.6
9, STREAM VELOCITY (fpPS) ettt einniineeiannneenansansonaannns : 1.1
10. STREAM DEPTH (ft)..ieeeiiiiinriinnneernnennsnonarscnasaansst 0.62
11. STREAM SLOPE (ft/ft)..eeeiennrreneeneinnnnnnnenenannennsaaas 0.00088
12. AVERAGE ELEVATION OF RIVER REACH (FT MSL)...cvvervuirnnnnnnnt 1540
13. STREAM TEMPERATURE (deg C)uvvvrineriinienennnnnanennesenaast 20.4
14. REAERATION RATE (Base e) AT 20 deg C (day =1)eeeieeennenanss 4.5
Reference Applic. Applic. Suggested
Vel (fps) Dep (ft) Value
Churchill 1.5 - 6 2 - 50 28.31
0'Connor and Dobbins 0.1 - 1.5 2 - 50 27.84
Owens 0.1 - 6 1 -2 55.75
Tsiviglou-Wallace 0.1 -6 0.1 - 2 4.52
15. BOD DECAY RATE (Base e) AT 20 deg C (day -1)..eevniivnnnnn. : 1
CALCULATED VALUES sfefsoicfiitiiokidisotiinok ook fuioninononinioonoio
1. DO SATURATION CONCENTRATION (mg/L)...cuveereninneneannannnns : 8.46
2. INITIAL DO CONCENTRATION (mg/L)..civuiinennnrnnnnnenaanannst 7.95
3. INITIAL DO DEFICIT (mg/L)cueecinie i enannoaesnnesnnast 0.51
4. INITIAL DOWNSTREAM BOD CONCENTRATION (mg/L)....eccivioo.ont 11.56
5. REARATION RATE AT STREAM TEMPERATURE (day -1)..............: 4,54
6. BOD DECAY RATE AT STREAM TEMPERATURE (day -1)....vevennv...t 1.02
7. TRAVEL TIME TO CRITICAL DO CONCENTRATION (days)............: 0.38
8. DISTANCE TO CRITICAL DO CONCENTRATION (miles).............. : 6.79
9. CRITICAL DO DEFICIT (mE/L) .. ueneiineinnronnnersosnaesnnansal 1.76
10. CRITICAL DO CONCENTRATION (mg/L)..cviriitennnnennnecnnerans : 6.69



COLVILLE RIVER DISSOLVED OXYGEN PREDICTIONS; 7Q2 LOW FLOW
STREETER-PHELPS ANALYSIS OF CRITICAL DISSOLVED OXYGEN SAG
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1. UPSTREAM DISCHARGE (CES) v uurninniinneerinnnnensnnnanannnns : 50
2. EFFLUENT DISCHARGE (CfS)eeuuirineiininnnieeonnnnneananennanst 1.86
3. UPSTREAM DO CONCENTRATION (mg/L)..vuveininininnnenininnnnnnnns : 8.51
4, EFFLUENT DO CONCENTRATION. ...ivtiiinniirerannanseannonanssst 2.00
5. UPSTREAM CBOD (Ultimate) CONCENTRATION (mg/L)..............: 1.5
6. EFFLUENT CBOD (Ultimate) CONCENTRATION (mg/L).....nvvvvnann. : 147
7. UPSTREAM NBOD CONCENTRATION (mg/L)..evvevirinnenrnnennnnnnst 0.2
8. EFFLUENT NBOD CONCENTRATION (mg/L)...vvveereenennenecnnnnnst 2.6
9. STREAM VELOCITY (£PS) . eivnirneeinninnonnseennnsnneasaasst 1.3
10, STREAM DEPTH (ft).v.veiininneeinnerenrnnronenaoassosnnenssss : 0.97
11. STREAM SLOPE (ft/ft)...ieieniernaeiernesennsennsacansennssnt 0.00088
12. AVERAGE ELEVATION OF RIVER REACH (FT MSL)......ccvniininnnnt 1540
13. STREAM TEMPERATURE (deg C).vevtrenrrinineroinenonsennsnoans : 19.6
14. REAERATION RATE (Base e) AT 20 deg C (day -1)..evievnennn.nt 5.3
Reference Applic. Applic. Suggested
Vel (fps) Dep (ft) Value
Churchill 1.5 -6 2 - 50 15.74
0'Connor and Dobbins 0.1 - 1.5 2 - 50 15.47
Owens 0.1 - 6 1 -2 27.24
Tsiviglou-Wallace 0.1 - 6 0.1 - 2 5.34
15. BOD DECAY RATE (Base e) AT 20 deg C (day -1)....evvniennnnss 1
CALCULATED VALUES *#iifefkiotiokintiotintiintiiuotiontintionintioonuoionokiol
1. DO SATURATION CONCENTRATION (mg/L)...vviniennennennnnennennns : 8.60
2. INITIAL DO CONCENTRATION (mg/L)..cvuvniraneerniininennennnnat 8.28
3. INITIAL DO DEFICIT (mg/L) . eueiinninninreennnneonenannnennns : 0.32
4. INITIAL DOWNSTREAM BOD CONCENTRATION (mg/L)...v.vvenennenn.nt 6.99
5. REARATION RATE AT STREAM TEMPERATURE (day -1).........c..... : 5.25
6. BOD DECAY RATE AT STREAM TEMPERATURE (day -1).......vev....t 0.98
7. TRAVEL TIME TO CRITICAL DO CONCENTRATION (days)............ : 0.34
8. DISTANCE TO CRITICAL DO CONCENTRATION (miles)..............: 7.25
9. CRITICAL DO DEFICIT (mg/L)cueinurirnirneinnenaeranancennsas : 0.94
10. CRITICAL DO CONCENTRATION (mg/L)...vvvuiennernnrnennenenant 7.66
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COLVILLE RIVER DISSOLVED OXYGEN PREDICTIONS; 30Q2 LOW FLOW
STREETER-PHELPS ANALYSIS OF CRITICAL DISSOLVED OXYGEN SAG
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1. UPSTREAM DISCHARGE (CfS) vt einninninnnennanennaeraeeanns : 56
2. EFFLUENT DISCHARGE (CfS).vuininiriininiiinieneeneennnnaannst 1.86
3. UPSTREAM DO CONCENTRATION (mg/L)..cevireninirnnennnnnrannnanat 8.55
4. BEFFLUENT DO CONCENTRATION. ...ttt iiiiinneeneronnnnonens : 2.00
5. UPSTREAM CBOD (Ultimate) CONCENTRATION (mg/L).........o.... : 1.5
6. EFFLUENT CBOD (Ultimate) CONCENTRATION (mg/L)..............: 147
7. UPSTREAM NBOD CONCENTRATION (mg/L).c.vueineinnnnnrinannnnnnt 0.2
8. EFFLUENT NBOD CONCENTRATION (mg/L)..eeuveinininnnnninnnnannns : 2.6
9. STREAM VELOCITY (£PS) et iietnnnreneennernosenasannssansanst 1.3
10, STREAM DEPTH (ff)...eiiiiiiiiniennnsnnnennssnnnnssessnonanst i.1
11. STREAM SLOPE (ft/ft) . ettt ienninaaenaanansens : 0.00088
12. AVERAGE ELEVATION OF RIVER REACH (FT MSL).......ccevnvnannat 1540
13. STREAM TEMPERATURE (deg C)uvvvernnininrinerneenrnnennnnnsnn : 19.4
14. REAERATION RATE (Base e) AT 20 deg C (day -1).e.ievniennnennt 5.3
Reference Applic. Applic. Suggested

Vel (fps) Dep (ft) Value

Churchill 1.5 - 6 2 - 50 12.75

O'Connor and Dobbins 0.1 - 1.5 2 -50 12.81

Owens 0.1 -6 1 -2 21.59

Tsiviglou-Wallace 0.1 -6 0.1 -2 5.34
15. BOD DECAY RATE (Base e) AT 20 deg C (day -1)..vvevvninnnnnn : 1
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CALCULATED VALUES sfcisssofissidofioiiooninioiniiinriounliiniioainiidioii

1. DO SATURATION CONCENTRATION (mg/L)..vcuininnevennnninennnens : 8.63
2. INITIAL DO CONCENTRATION (mg/L)..evuiuininiinrennnennnenennst 8.34
3. INITTIAL DO DEFICIT (mg/L) et v iiinnnnneeeanenneesnnns : 0.30
4. INITTAL DOWNSTREAM BOD CONCENTRATION (mg/L)...eeeienenen.ant 6.45
5. REARATION RATE AT STREAM TEMPERATURE (day -1).............. : 5.23
6. BOD DECAY RATE AT STREAM TEMPERATURE (day -1)..............: 0.97
7. TRAVEL TIME TO CRITICAL DO CONCENTRATION (days)............ : 0.34
8. DISTANCE TO CRITICAL DO CONCENTRATION (miles)..............: 7.29
9. CRITICAL DO DEFICIT (mg/L) . uveniiinnninennnenneeneneenansast 0.86
10. CRITICAL DO CONCENTRATION (mg/L)..vvvvninrenennnnnnennacnens : 7.77




